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NEW SOLUTIONS OF DRIVING SYSTEMSWITH THE TORSIONALLY
FLEXIBLE METAL COUPLING

Summary. At work a conception was presented of structurthefnew type of driving
systems with the metal flexible torsional coupliBgpending on needs, from the type it
coupled machines, applied in driving arrangementsan have a different structural
form. the advantages of the new coupling amongrstts the great permanence of a lack
of non-metallic susceptible elements, possibility moving great torques and
considerable relieving momentary overload.

NOWE ROZWIKZANIA UKLADOW NAP EDOWYCH Z METALOWYM
SPRZIGLEM PODATNYM SKRETNIE

Streszczenie. W pracy przedstawiono koncepcpudowy nowego typu ukladow
nagkdowych z metalowym spggtem podatnym sktnie. W zalenosci od potrzeb, od
rodzaju maszyny, zastosowane w ukladachedaywych sprzgto, mae mig rozna
post@& konstrukcyja. Zaletami nowego spggta € m.in. dua trwalaé przy braku
niemetalowych elementéw podatnych, #wos¢ przenoszenia dych momentéw
obrotowych oraz znacznego tagodzenia chwilowyclegigzen.

1. INTRODUCTION

They are in great demand in the coal mining ingustat designed systems for machines that
have increased carrying capacity and the religbiit action. Implementing innovative forms of
structural machines and their elements is neededsiers, as well as for producers of machines and
devices because of increasing competitivenessesitproducts. Conducting the restructuring of the
mining causes the need to implement new structugahranteeing the growth solutions for
effectiveness of the mine’s production. It concebwth of the entire system arrangements and
individual machines.

Driving arrangements are one of the links of ggttamd mining system, and with elements of
driving arrangements on which among others theabiifiy of the functioning of getting and
transporting mining machines depends there are amgcdl transmission gears, of which the failure
frequency is significant [16].

Issues of the reliability, on account of economifeas and the safety of the work, in particular
concerns winding machines, mechanized supportshamézal coal miners, coal planers, face and
gangway conveyor [2].
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Intense progress in the world technology of thdatqtion with longwall system, of exploitation
of headings and haulage to the mine is face wigtyam reliable machines which in the fundamental
way influence is extorting mining and supply of evéls to the indicator of the output [3]. It is
possible to get the appropriate reliability of antbf systems through increasing elements and ahits
machines by carrying capacities and increasingetagrrying capacities it is possible by appropriat
their structural forming, what to spell also rechgcthe influence of destroying factors perhaps.

In driving systems of mining machines units of thystem, so are like couplings and exposed
toothed gear transmissions to particularly intemgaloitation influences which result from great and
changeable loads with notable momentary overloaddram the great frequency of start-ups [6].
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Fig. 1. Drive system of the machine, where: 1 -and — gear, 3 — working machine, 4 — couplingtanentry
of the gear, 5 — coupling on the exit of the gear

Rys. 1. Uktad nagtlowy maszyny, gdzie: 1 — silnik, 2 — przektadnia; ®iaszyna robocza, 4 — sgyio podatne
na wegciu do przektadni, 5 — spggto na wyjciu z przektadni

2. FLEXIBLE COUPLINGSIN DRIVESOF MINING MACHINES

It coupled the unit in the driving system whichdisstined to linking shafts and handing around
one shaft over to second of torque without the ghaif its direction. The coupling is making up from
the active element (driving, input) and of passélement (driven, initial) and of connector. The
connector is characteristic to a coupling and a efasending the torque from the active elemenhéo t
passive element determines.

In flexible couplings a resilient connector is aioaelement, of which enabling the momentary
relative rotation of the passive shaft with resptxtthe active shaft is a task. Thanks to the
susceptibility of the connector these couplings reaiuce the influence of dynamic loads on the work
of the drive (among others during the start-up)etitieve oscillation, to reduce unevennesses of the
moved torque, among others in flexible couplingaraxtors are made most often of rubber or in
completely metal couplings from springs of mostedse shapes [14, 15].

Driving systems of heavy machines, e.g. mining,usually working in very difficult conditions.
These conditions are characterized among otheis ¢gmeat frequency of start-ups and they require
practicing protections of different kind. Using appriate overload couplings in them is one of ways
of protecting driving systems, selected dependimgxpected characteristics of straining the machine

In the case of driving arrangements they shouldcbaracteristic of mining, getting and
transporting mining, couplings machines oneselhwgteat torsion susceptibility. Dynamic loads
appearing in mining machines require applying istasns driving machines of flexible torsional
couplings. Couplings working in mines are expogethe negative influence of the environment, in
which machines are being operated. In mining camtt appearing high dusting influences for
increasing usage cooperating elements up and teliability of the work of couplings considerably,
as well as and of every machine.

Applied in the mining industry there are many diffiet driving layouts.

In these systems machines are performing the impbpost of moving the torque from the motor
to the working unit coupled. Analyzing collectedtalls about the failure frequency of couplings,
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working in the mining industry it is possible t@t that they are one of unreliable sub-assembfies
driving systems.

Examples of structural solutions of mechanicalibexand overload couplings contain positions
[1,4,5,8,9, 10].

3. NEW CONSTRUCTIONS OF ELEMENTS OF DRIVING SYSTEMS

Conditions of the work of driving systems appliedmining machines are determining the use in
the agreements of driving couplings on the greetida susceptibility, immune to the influence of
determined conditions of loads. It can provide wiltle appropriate torsion susceptibility of the
coupling solutions worked out at the Institute ofnMg Mechanization, Faculty of Mining and
Geology at the Silesian University of Technolog2,[13].

3.1. Jointed shaft susceptible torsion into the battery locomotive of thetype Lea-BM 12/T

In the battery locomotive of the type Lea-BM 12¢dnnecting the shaft of the electric motor with
the transmission gear driving wheels are mountslized with the help of standard Cardan shaft with
joint and splines. Arising considerable surplusiethe torque, especially during the ride along esrv
of the track, cause frequent damage to this elewoiethie driving arrangement. Cardan shaft under the
influence of crossing the acceptable torque, Idshe carrying capacity of welded combinations of
the pipe joint is undergoing the breakdown consisin the fact that it most often follows. As auls
of the fact that the shaft is staying divided irotparts which freely turning different elementstiodé
driving arrangement are destroyed. Additional sligl the shaft is a temporary solution, applied in
the drive of the locomotive.

In the driving arrangement a connection is a dififérsolution which can be applied of elements
of the drive behind the help of the articulatedfsbasceptible torsion.

The idea of untying the structural metal couplimg de applied in the jointed susceptible torsion
shaft presented in figure picture 2. This shafiaed peculiarly for transferring dynamic torsiomdis
and it can find application in connections of theton with mechanical transmission gears where
bungs of elements of the driving arrangement acealkial.

Such a structural figure of the shaft is solving gnoblem of reducing momentary dynamic loads

of driving arrangement of the machine in the setiope. Standard Cardan shaft is stiff and it is
transferring impulses, stroke loads and it isndddming vibrations. In these shafts a change of the
torque is accompanying changes of the angle spkdtegassive element what causes generating
oscillation on its exit. It is an essence of thevranswer that between the transverse joins a fkexib
coupling is put in the articulated shaft torsion19].
The shaft is characterized by the fact that it @ief the transverse joins and the connected shaf
with motor splined connection with the sleeve, dricl on the outside cylindrical surface the unself-
locking thread is made, and inside the casing énhible of this casing a thread cooperating with the
thread made on the sleeve is made, in additiontutm®ver of the shaft causes moving in the screw
gear of case, and two springs are losing its shager the influence of the load.

Action of the articulated susceptible torsion shafhsists in the fact that in the casing of the
coupling a multiple unself-locking thread is madkeieh is cooperating with the thread made on the
outside surface of sleeve. This screw gear is ngpthie torque which is being passed on to the sleeve
from the shaft via the motor splined connectione Bfaft and the casing of the flexible torsional
coupling are connected with the help of the trarsvgoins with abscesses of the motor and of the
transmission gear.
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Fig. 2. The example of constructional solution lo¢ fointed flexible torsional shaft, where: 1, 2Cardan
joints, 3 — shaft, 4 — splined connection, 5 —&te® — screw thread mechanism, 7 — casing, 8ernat
thread, 9, 10 — screw springs

Rys. 2. Przykiad rozwkania konstrukcyjnego watu przegubowego podatn&gdrse, gdzie: 1, 2 — przeguby
Cardana, 3 — wal, 4 — paizenie wielowypustowe, 5 — tuleja, 6 — mechaniznmgawy, 7 — obudowa,
8 — gwint wewatrzny, 9, 10 — spryny srubowe
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In the case of the static or dynamic change of lib@darticulated shaft susceptible torsion the
sleeve will move with regard to the casing andtietato the shaft. The pressure on the spring will
cause deformingt and because of that cushioninglyhamic load on the exit from the articulated
shaft will follow.

In the shaft as springs, it is possible to use afguropriately selected disk springs. The jointed
susceptible torsion shaft is making up from theswa@rse joins (1) and (2) and from the shaft (3hwi
the motor splined connection (4) with the sleeve ¢ which, on the outside cylindrical surface, a
unself-locking thread is made (6) cooperating wlith thread (8) made in the hole of the casingA¥).
the turnover of the shaft (3) sleeve (5) is movimghe screw gear (6) made on the sleeve (5) and fo
casing (7). Springs (9) and (10) are losing itspshander the influence of the load what lets for
reducing dynamic loads.

The solution is useful in particular for systemaddfing machines in which dynamic burdens are
appearing. A driving arrangement of the batteryiootive of the Lea-BM12 type with the standard
Cardan shaft can be an example of applying whicoraing to the information is surrendering to
frequent breakdowns from the consideration to bdmgd very much big overloading bends on
curves by dynamic, occurring during the locomotivede.

3.2. Articulated-overload shaft of two-way action

An articulated-overload shaft of two-way action d@sdifferent solution. This shaft is good
peculiarly for transferring dynamic torsion loadad by described overload is disconnecting thesdriv
This shaft can find application in connectionstod tmotor with mechanical transmission gears where
15° isn't crossing the angle of crossing axes. Padrshaft, and at the same time susceptible toisio
is possible to apply in such driving arrangemerten® overloading these arrangements can appear
by exposing elements to damage.

The structural form of this shaft enables redueimgmentary overload of driving arrangement of
the machine or setting up in the set-up time arglaig dynamic loads, and a flow is also
interrupting the power in the case of exaggeratedrloading which often appears in driving
arrangements of mining, agricultural and road maehi

The fact that in the articulated Cardan shaft sifle coupling is put in is a distinctive feature o
the structure torsion of double-sided action, ahdatithe same time it is an overload coupling.
Construction of this new articulated-overload shefies on the fact that between the transverses joi
of the shaft additionally a flexible torsional cding is situated which is an overload coupling atll
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the same time. Action of the articulated-overloadpiing it relies on the fact that in the casing ha
coupled fastened rollers, in one plain in radiakclion, they are sticking out inside the casing an
they are cooperating with oblique grooves madehenoutside surface of sleeve. These rollers put in
furrows are moving the torque which is being passedo the sleeve from the shaft via the motor
splines connection. articulated-overload shaftamd linked with the help of the transverse joifis o
Cardan with bungs of the motor and the transmisgear (fig. 3). Rollers are fastened in the casing,
and oblique with respect to the axis of the shajbges, are made on the outside surface of theeslee
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Fig. 3. The articulated-overload shaft of the twaywactivity, where: 1, 2 — Cardan joints, 3 — shaft

4 — splined connection, 5 — sleeve, 6 — skew greoKe- casing, 8 — parallel roller, 9, 10 — springs
Rys. 3. Wat przegubowo-przegeniowy dwustronnego dziatania, gdzie: 1, 2 — prbggGardana, 3 — wat,
4 — pohczenie wielowypustowe, 5 — tuleja, 6 — &ke rowki, 7 — obudowa, 8 — wateczki,
9, 10 — spgzyny srubowe

In the case the sleeve will reschedule overloathiegarticulated shaft oneself on motor splines
pressing the shaft for one of springs but rollecsnf the casing coupling will come out from oblique
grooves of the sleeve and a free rotary motiorhefghaft will come with the sleeve in the casing.
When the load reduces, it is a spring pressinglbeve it will cause after the determined parthef t
turnover of the shaft with the sleeve that roll&esn again will be in furrows of the sleeve.

This solution can also be useful to systems ofiigivnachines in which they are appearing big of
overloading the correct alignment of shafts togethigh the problem, and it concerns particularly
mining, road, building and agricultural machines18].

3.3. Driving drum integrated with the coupling

It is a model applying securing drives of miningneeyor the conception worked out at the
Institute of Mining Mechanization coupled suscelgtitof which constitutes the casing, e.g. corps of
the driving drum with chain seat of the curry cootdmveyor or the loader of coal miner [10]. In this
solution the chain drum of the conveyor is conrgtetégh the metal flexible torsional coupling.

In the example of the idea of the structure of ¢hain driving drum, introduced in picture 4,
resistance of the set of disk springs (4), at tary motion of the shaft of the drum (3), restiitan
the pressure of the spring to the nut (5) andusea the increase in storage powers in distriectdon
on the thread. The increase in these powers otitbad is increasing the torque and when it ackieve
value of the working moment of the machine, a sotaotion of the driving drum, being its working
movement is starting. The coupling allows for tlerect work of the chain drum in both directions of
turnovers.

Momentary cause overburdening the working orgaritiaddl pressing resilient elements (4), and
not-ballasting by relaxing these elements. Aftetleding the driving arrangement nut (5) pressed by
springs (4) is coming back in direction for prelivary putting on the embankment the drum (3). At
appropriately big preliminary pressing springs aftér excluding the arrangement the nut is retgrnin
to the initial location. Appropriately selected sétdisk springs and pitch on the input embankment
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and it releases the nut, under the influence ofntbminal load, for getting a job during the normal
coupled of screwing the big angle together, ti# thoment before driving drum (1) will begin the
rotary motion.

Fig. 4. The example of solution of the construcdiodriving drum integrated with the flexible toreal
coupling, where: 1 — casing of the driving drumy-2lements of the frame of drive of curry-comb
conveyor, 3 — shaft of driving drum, 4 — disk sgen5 — nut with notched internal thread and spline
6 — thrust bearings, 7 — cone bearing, 8 — covethefdrum, 9 — seal, 10 — screws, 11 — splines
connection, 12 — drive shaft of gear, 3 — halfeaxi drive

Rys. 4. Przyktad rozwzania konstrukcyjnegoebna napdowego zintegrowanego ze sgyiem podatnym
skretnie, gdzie: 1 — Kkorpus ¢bna napdowego, 2 — elementy kadluba wrdp przenénika
zgrzebtowego, 3 — walcbna napdowego, 4 — spyny talerzowe, 5 — naktka z nacitym gwintem
wewretrznym i wielowypustem, 6 — #yska wzdiine, 7 — laysko stakowe, 8 — pokrywa ébna,

9 — uszczelnienie, 10 éruby, 11 — pafczenie wielowypustowe, 12 — wat ragowy przektadni,
13 — péid napdu

4. SUMMARY

Discussed elements of driving arrangements withuesl metal coupling of the structure of the
Institute of Mining Mechanization are characterizgd great torsion susceptibility. They can find
application in arrangements of driving heavy maehiafter designing them to determined, concrete
objects and after carrying appropriate researclprofotypes out. These examinations to concern
should be motor screw gear and of splined conmegtigince at the start-up of the driving
arrangement a movement of the nut will appear ése¢hconnections and during the exploitation of the
coupling at little, but changeable loads, slightikketory moves can appear and it can cause appeari
phenomena of fretting [11].

Collected experience will allow in the process &nming the negotiations of driving and metal
flexible torsional couplings for taking into coneration different factors, influencing their
permanence.



New solutions of driving systems... 11

Bibliography

1.

2.

10.

11.

12.
13.
14.
15.
16.

Dietrich M. (red.), Markusik S.: Podstawy konstrjikeaszyn. Tom Ill, wyd. 3. WNT, Warszawa,
1999.

Dolipski M., Sobota P., Osadnik J.: Statystyka wgsavydajnychscianowych przenanikdw
zgrzebtowych aytkowanych w PolsceéSympozjum Ryfamex "95. Rybnik, 1995.

Dolipski M., Sobota P., Osadnik J.: Ungleichméafligestungsaufnahme von Antriebssystemen in
Strebforderern. An International Scientific Confeze on the occasion of the 50th anniversary of
noving VSB-Technical University Ostrava,-16 September, 1995.

Filipowicz K., Kowal A.: Bcben napdowy z metalowym spegtem dwukierunkowo podatnym
skretnie. Zgtoszenie patentowe P-380307 z dn. 25.0B.200RITT PolitechnikiSlaskiej, 2006.
Filipowicz K., Kowal A.: Investigative stands to rkang of characterizations of the metal
susceptible clutch. Int. Sci. J. ,Transport Prold&nwydawnictwo Politechnikblaskiej, T.2, no.

4, Gliwice, 2007.

Grzesica P.: Wplyw obgtenia zewntrznego przektadni maszyn gérniczych ngdayzbne sity
dynamiczne. Praca doktorska, Gliwice, 2005.

Kowal A., Filipowicz K.: Podatne skinie metalowe spegto przecizeniowe. Zeszyty Naukowe
PoIitechnikiSIqskiej. Seria: GOrnictwo, z. 269, Gliwice, 2005489-496.

Kowal A., Filipowicz K.: Wat przegubowo-przegieniowy dwukierunkowego dziatania.
Zgtoszenie patentowe w DRITT Politechntiiskiej, Gliwice, 2007.

Kowal A., Filipowicz K.: Wat przegubowy podatny gkmie. Zgloszenie patentowe w DRIiTT
PoIitechnikiSIqskiej, Gliwice, 2007.

Kowal A., Filipowicz K.: Metalowe sprgta podatne sktnie do maszyn gérniczych. Monografia.
Wydawnictwo Politechnik8laskiej. Gliwice, 2007.

Kowal A.: Opory ruchu w mechanizmach maszyn goéwytbz Wydawnictwo Politechniki
Slaskiej, Gliwice, 2003.

Kowal A.: Sprzgto mechaniczne. Patent nr PL 190945 B1 z dnia2280®6 r. WUP 02/06.

Kowal A.: Sprzgto mechaniczne. Patent nr PL 191092 B1 z dnia332006 r. WUP 03/06.
Markusik S.: Sprggta mechaniczne. WNT, Warszawa, 1979.

Osinski Z.: Spregta i hamulce. PWN, Warszawa, 1985.

Ska¢ A.: Dynamika przektadni gbatych stakowych maszyn gorniczych. Zeszyty Naukowe
PoIitechnikiSIqskiej, seria: Gornictwo, z. 226, Gliwice, 1996.

Received 10.04.2008; accepted in revised form 0300B



